Aptian biostratigraphy in South Zagros Basin, southwest Iran  by Afghah, Massih & Shaabanpour Haghighi, Arash
Geoscience Frontiers 5 (2014) 277e288Contents lists available at SciVerse ScienceDirect
China University of Geosciences (Beijing)
Geoscience Frontiers
journal homepage: www.elsevier .com/locate/gsfResearch paperAptian biostratigraphy in South Zagros Basin, southwest Iran
Massih Afghah*, Arash Shaabanpour Haghighi
Geology Department, Islamic Azad University, Shiraz Branch, Shiraz, Irana r t i c l e i n f o
Article history:
Received 16 January 2013
Received in revised form
24 June 2013
Accepted 11 July 2013
Available online 23 July 2013
Keywords:
Aptian
Biostratigraphy
Foraminifera
Zagros
Fars
Iran* Corresponding author. Tel.: þ98 711 634 7215; fax:
E-mail addresses: massihafg2002@yahoo.com,
(M. Afghah).
Peer-review under responsibility of China University
Production and hosting by Els
1674-9871/$ e see front matter  2013, China Univer
http://dx.doi.org/10.1016/j.gsf.2013.07.001a b s t r a c t
The Khami group within the petroliferous Zagros Basin of Iran includes the Surmeh, Hith, Fahliyan, Gadvan
and Dariyan formations. The Dariyan Formation, previously known as Orbitolina limestone is very signif-
icant as a reservoir rock in the Zagros Basin. In this study, the age of the Dariyan Formation is examined
based on biostratigraphic and paleontological investigations. 236 m of Dariyan Formation sediments in the
sections at Kuh-e Rahmat (north) and Nour-Abad (west) of Iran were selected to study its biostratigraphy.
According to the lithostratigraphic investigations, the Dariyan Formation in these sections is subdivided
into three: lower, middle and upper, which include thin-bedded to medium-bedded and massive lime-
stone. Micropaleontologic study of the Dariyan Formation has led to the recognition of two biozones in the
Nour-Abad area and one biozone in the Kuh-e Rahmat stratigraphic column. Diagnostic foraminifera in
these sections are as follows: Globigerinelloides algerianus Cushman and Ten Dam, Globigerinelloides fer-
reolensis Moullade, Globigerinelloides maridalensis (Bolli), Globigerinelloides paragottisi Verga and Permoli
Silva, Hedbergella aptiana Bartenstein, Hedbergella excelsa Longoria, Hedbergella luterbacheri Longoria,
Hedbergella occulta Longoria, Hedbergella ruka (Banner et al.), Hedbergella similis Longoria, Hedbergella
trocoidea (Gandolﬁ), Muricohedbergella delrioensis (Carsey), Pseudoplanomalina cheniourensis Sigal, Con-
icorbitolina conica d’Archiac, Iraqia sp., Mesorbitolina parva Douglass, Mesorbitolina pervia Douglass, Meso-
rbitolina ovalis Gorog and Arnaud-Vanneau, Mesorbitolina subconcava Leymerie, Mesorbitolina texana
(Roemer), Mesorbitolina ovalis-pervia Cherchi and Schroeder, Debarina hahounerensis Fourcade et al.,
Marssonella trochus (d’Orbigny), Nezzazata sp., Orbitolina sp., Textularia sp.
Based on the identiﬁed foraminifera, the age of the Dariyan Formation in the Kuh-e Rahmat area is
assigned to Aptian, and in the Nour-Abad area is determined as upper Aptian.
 2013, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
The Jurassic to early Cretaceous carbonates of the petroliferous
Zagros Basin in Iran are known as the Khami Group. It includes the
Surmeh, Hith, Fahliyan, Gadvan and Dariyan formations. The Dariyan
Formation, present in the southwest of Iran, within the Khami Group
was studied for the ﬁrst time by James and Wynd (1965) at a type
sectionwhich is located 50 km from eastern Shiraz. They divided the
Zagros area into four main zones, namely Lurestan, Khuzestan,þ98 711 234 2019.
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evier
sity of Geosciences (Beijing) and PCoastal Fars, and Interior Fars (Fig. 1). The Dariyan Formation is well
developed in the latter three locations. Actually this division into four
zones was based on stratigraphic sequence and lithofacies charac-
teristics. The International Stratigraphic Guide (Salvador, 1994) is the
main framework for the determination of the studied stratigraphic
sections. The lithological aspect of the Dariyan Formation is generally
composed of grey to brown thick-bedded to massive Orbitolinid
sandy limestone (James andWynd,1965; Kalantari,1976). Laterally it
changes to Garu shales in Lurestan. Also, microscopic investigations
conﬁrm bioclast wackestone, Orbitolina wackestone to packstone
pell-Orbitolina grainstone as the main lithofacies which are well
distributed along this rock unit. The Dariyan Formation is overlaid
conformably on the marls of the Gadvan Formation (Barremian) as
the gradational lithostratigraphic limit. The Gadvan Formation is
made of light grey to brown medium- to thick-bedded marls and
bioclastic argillaceous wackestone. The marl limestone and bitumi-
nous shale of the Kazhdumi Formation (Albian) overly the Dariyan
limestone, and the boundary ismarked by a sharp contact. Generally,
an iron nodule zone is distinguishable between the Dariyan andeking University. Production and hosting by Elsevier B.V. All rights reserved.
Figure 1. Simpliﬁed lithostratigraphic chart of the lower Cretaceous rock units in the Zagros (modiﬁed by James and Wynd, 1965).
M. Afghah, A. Shaabanpour Haghighi / Geoscience Frontiers 5 (2014) 277e288278Kazhdumi formations. The Kazhdumi Formation is composed ofmarl
at the top, which is followed downwards by successions of dark
argillaceous limestone andmarls. The bituminous shaly lithofacies of
the Kazhdumi Formation are well distributed in the Khuzestan re-
gion and some parts of the Coastal Fars region, whereas carbonate
facies of the Kazhdumi Formation are abundant in the Interior Fars
area. Based on micropaleontologic study of the type section, the age
of the Dariyan Formation is assigned to Aptian (James and Wynd,
1965). Kalantari (1976) has studied the Dariyan Formation in the
southwest of Shiraz and the age of the Dariyan Formation was
determined as Aptian in this area too. Since the biostratigraphic
limits of the Aptian successions change in some parts of the Zagros
Basin, Aptian biostratigraphy can be used as a tool for the interpre-
tation of faunal assemblage characteristics along the Zagros area.
Furthermore, the Aptian strata are very signiﬁcant as reservoir rock
in the Zagros (Mirzapour et al., 2010) and are amongst the most
important targets for oil ﬁeld development in Iran. Because of good
distribution of Orbitolinids during the Aptian period, the global
chronostratigraphic importance has been recognized by micropale-
ontologists. Generally, chronostratigraphic works (e.g. Ogg et al.,Figure 2. Location of th2008) are based on standardization of stratigraphic data of the In-
ternational Commission on Stratigraphy (ICS). New or enhanced
methods of extracting linear time from the rock record, and statis-
tical techniques of interpolating ages and associated uncertainties to
stratigraphic events have evolved to meet the challenge of more
accurate age and zonal assignments (Gradstein et al., 2004). How-
ever biostratigraphic data are a tool for identiﬁcation of rock units
and their age determinations. Actually, the range zone of the Orbi-
tolinidae family is recognizable from the upper Barremian to the
lower Cenomanian. Many authors have focused on the phylogenetic
and biostratigraphic study of Orbitolina taxa (Castero et al., 2001;
Husinec, 2001; González-León et al., 2008; Schroeder et al., 2010).
In order to provide high resolution biostratigraphy of the Dariyan
Formation, two stratigraphic sections were selected, namely Nour-
Abad and Kuh-e Rahmat stratigraphic sections.
2. Geographical and geological settings
The Kuh-e Rahmat stratigraphic section is located 70 km
northeast of Shiraz and the Nour-Abad stratigraphic section aboute studied sections.
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tions are located in the simply folded zone of the Zagros (Alavi,
2004). Carbonates of the Fars Platform comprise sediments which
are assigned to the Triassic through Miocene (Motiei, 1992).Figure 3. Vertical distribution of forEvaporites are recognizable in some parts of the Fars Platform (e.g.
mid-Triassic and early Paleocene sediments). Many microfacies
studies (Kalantari, 1976; Khosrotehrani and Fonooni, 1994; Afghah,
2006; Afghah and Dehghanian, 2007) have revealed the shallowaminifers of Nour-Abad section.
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Cretaceous. In addition, tectonic subdivisions of the Zagros Moun-
tain ranges have been studied by many workers (e.g. Stoecklin,
1968; Falcon, 1974; Alavi, 2004). The general structural trend of
the Zagros is NEeSW, and the simply folded zone is composed of
box folds which are oriented in the same direction. It should be
noted that the Nour-Abad section is located in the QatareKazeroonFigure 4. Biostratigraphic diagraFault with a northesouth trend. Mobasher (2007) has focused her
study on this fault as the major fault of the Zagros, and has iden-
tiﬁed the Kazeroon Fault as a right lateral fault. This fault is a major
lineament in the study area (Jackson and Fitch, 1981). Deformation
and seismicity of the Kazeroon Fault have been recorded by many
authors (e.g. Baker et al., 1993; Hessami et al., 2006). Neo-tectonic
activity of this fault has been studied based on morphotectonicm of Kuh-e Rahmat section.
Plate 1. 1. H luterbacheri Longoria, Sample No. D25, Nour-Abad section; 2. Hedbergella trocoidea Longoria, Sample No. D30, Nour-Abad section; 3. H aptiana Bartenstein, Sample No.
D16, Nour-Abad section; 4. G algerianus Cushman and ten Dam, Sample No. D16, Nour-Abad section; 5. G ferreolensis Moullade, Sample No. D18, Nour-Abad section; 6. G ferreolensis
Moullade, Sample No. D18, Nour-Abad section; 7. Hedbergella cf. occulata Longoria, Sample No. D16, Nour-Abad section; 8. Hedbergella sp. D29, Nour-Abad section.
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et al., 2009). Kent (1979) was the ﬁrst to report the relationship
between the Kazeroon Fault and the Salt Plugs of southern Iran.
These studies conﬁrm the presence of tectonism along the Kaze-
roon Fault. Actually there is no data on tectonism of Kazeroon Fault
during sedimentation.
According to James andWynd (1965), the Kuh-e Rahmat section
locality is assigned to the Interior Fars area, and the Nour-Abad
stratigraphic section is located in Coastal Fars. Kuh-e Rahmat is
an anticline with a NEeSW trend which is composed of Aptiane
Cenomanian succession. The exposed Cretaceous sequence of the
Kuh-e Rahmat section consists of the Dariyan (Aptian), Kazhdumi
(Albian) and Sarvak (Cenomanian) formations. The basal part of the
Dariyan Formation is not exposed in the Kuh-e Rahmat region, but
marly limestone of the Kazhdumi Formation (Albian) covers
Dariyan limestone. An oxidized zone is distinguishable in the lith-
ostratigraphic contact between the Dariyan and Kazhdumi forma-
tions. Marly limestone of the Kazhdumi terminates at the thick to
massive grey limestone of the Sarvak Formation. Well-exposed
lower Cretaceous strata are recognized in the Nour-Abad area.
Fahliyan (BeriasianeHauterivian), Gadvan (Barremianelower
Aptian), Dariyan (upper Aptian), Kazhdumi (Albian), and Sarvak
(Cenomanian) are the Cretaceous exposures of this region. The
Dariyan Formation is overlain on marls of the Gadvan Formation
conformably with sharp contact. Green marly limestone of the
Kazhdumi Formation covers greymedium-bedded limestone of the
Dariyan Formation.
3. Methodology
As mentioned, in order to establish biozones, two stratigraphic
columns were selected. Fieldwork on both stratigraphic columns
led to the description of detailed lithostratigraphic characteristics
and measurement of the thickness of each stratigraphic section.
The lower and upper lithostratigraphic limits of the studied strat-
igraphic columns were determined by ﬁeldwork. 236 m of Dariyan
Formation (Aptian) sediments in the Kuh-e Rahmat (north) and
Nour-Abad (west) were selected for this study. 150 samples were
collected from these two stratigraphic sections. These samples
were selected by vertical change in lithofacies. The collected sam-
ples were coded with a different code for each stratigraphic col-
umn. Then thin sections were made from the collected samples,
and photo micrographs were deposited in Azad Islamic University,
Shiraz Branch, Iran. In order to establish the biozones, stratigraphic
study of the index foraminifers was carried out for each strati-
graphic section.
4. Biostratigraphy
The vertical distribution of foraminiferal taxa reﬂects the
different biozones for each of the stratigraphic sections. The strat-
igraphic distribution of the foraminiferal taxa supports two bio-
zones for the Nour-Abad stratigraphic column. The established
biozones of Nour-Abad consist of biozone I (Pseudoplanomalina
cheniourensis, Globigerinelloides aptiensis Assemblage zone), and
biozone II (Mesorbitolina parva, Mesorbitolina texana Assemblage
zone). One biozone has been described in the Kuh-e Rahmat
stratigraphic section, which is nominated as M. texana and Orbi-
tolina sp. Assemblage zone. The vertical distribution of foraminiferaPlate 2. 1. M. ovalis-previa Cherchi and Schroeder, Sample No. B20, Kuh-e Rahmat section;
(Roemer), Sample No. T11, Kuh-e Rahmat section; 4. C. decipiens Schlumberger, Gadvan Fo
section; 6. M. texana (Roemer), Sample No. B15, Kuh-e Rahmat section; 7. Orbitolina kurdic
Sample No. D51, Nourabad section.in both sections indicates that pelagic fauna is well developed in
the Nour-Abad section and benthic foraminifera in the upper part
of the Dariyan in this stratigraphic column; however, the Orbitoli-
nid yield is greatly distributed in the Kuh-e Rahmat stratigraphic
column. In order to recognize biozones, we used Wynd’s (1965)
classiﬁcation which has been established along the Zagros area.
4.1. Nour-Abad biostratigraphy
The two above mentioned biozones established in this strati-
graphic section are numbered as biozones I and II.
4.1.1. Biozone I (P. cheniourensis, G. aptiensis Assemblage zone)
This biozone is marked by the ﬁrst appearance of P. cheniour-
ensis Sigal and G. aptiensis. The lithologic characteristic of this
biozone consists of cream and grey medium-bedded limestone
with a thickness of 25 m. Common foraminifers of this biozone
include: Globigerinelloides algerianus Cushman and Ten Dam, Glo-
bigerinelloides ferreolensis Moullade, Globigerinelloides maridalensis
(Bolli), G. aptiensis Longoria, Globigerinelloides paragottisi Verga and
Premoli Silva, Hedbergella aptiana Bartenstein, Hedbergella luter-
bacheri Longoria, Hedbergella similis Longoria, Hedbergella excelsa
Longoria, Hedbergella cf. occulta Longoria, Hedbergella ruka (Banner
et al.), Hedbergella trochoidea (Gandolﬁ), Marssonella trochus
(d’Orbigny), Rugoglobigerina sp., Trocholina sp. Based on Premoli
Silva and Verga (2004), who have described the taxon range of P.
cheniourensis Sigal and G. aptiensis Longoria, the age of this biozone
is suggested as late Aptian. Although G. aptiensis Longoria has a long
taxon range, association of this taxon with P. cheniourensis Sigal
supports the late Aptian age. Vincent et al. (2010) obtained
biostratigraphic data from Robaszynski (1987) who has recorded P.
cheniourensis Sigal in a comparison of upper Aptian strata of
America and Europe. This biostratigraphic data has also been ob-
tained from Hancock and Kauffman (1979). Elkhazri et al. (2009)
have recorded this taxon from upper Aptian successions of north
Tunisia. G. algerianus Cushman and Ten Dam is the index taxon of
the upper Aptian in the Tethyan Realm; although G. ferreolensis
Moullade, G. maridalensis (Bolli), G. paragottisi Verga and Permoli
Silva, and G. aptiensis Longoria were recorded from Aptian succes-
sions of the Tethyan Realm, these taxa are an association of the
upper Aptian. Rojay and Altiner (1998) have described G. algerianus
Cushman and Ten Dam as a late Aptian biozone in the Central
Pontides area (Turkey). They obtain other biostratigraphic data
(Moullade, 1966; Hinte, 1972; Longoria, 1974; Sigal, 1977; Caron,
1985; Sliter, 1989; Altiner, 1991; Chiocchini et al., 1994) which
have demonstrated the chronostratigraphic value of the G. alger-
ianus Cushman and Ten Dam as late Aptian. According to Van Hinte
(1972), G. aptiensis Longoria was distinguished as a long taxon
rangewhich consisted of Barremian and Aptian strata of the eastern
North Atlantic area. Premoli Silva and Verga (2004) have docu-
mented P. cheniourensis Sigal as an outcome of the upper Aptian
biostratigraphic events. Also, they have established G. ferreolensis
Moullade which marks the late Aptian age, and furthermore G.
algerianus Cushman and Ten Dam have been recorded as an asso-
ciation of this taxon. Both these taxa are distinguishable in late
Aptian sediments of Israel (Benitah, 2009). These taxa are recog-
nizable in the P. cheniourensis and G. aptiensis Assemblage zone of
the Nour-Abad stratigraphic column. Like Premoli Silva and Verga
(2004), Mandic and Lukeneder (2008) have accepted G. algerianus2. D. hahounerensis Fourcade et al., Sample No. T6, Kuh-e Rahmat section; 3. M. texana
rmation sample, Nour-Abad section; 5. M. parva Douglass, Sample No. D70, Nourabad
a Henson, Sample No. D65, Nourabad section; 8. V. dercourti Decrouez and Moullade,
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succession of the Penninic Ocean which was a side tract of the
Central Atlantic Oceanic System intercalated between the European
and the Austroalpine plates. It should be emphasized that the
Barremian sequence of the studied area is marked by Choffatella
decipiens Schlumberger and there is no evidence of pelagic bio-
facies in the Barremian strata in this area. The taxon range of C.
decipiens Schlumberger has been documented in the Cenomanian
sequence of the Zagros by Khosrotehrani and Fonooni (1994).
However, the common foraminifers of this biozone support the
upper Aptian age. In addition, the occurrence of P. cheniourensis
Sigal and the other foraminifers in this biozone, particularly G.
algerianus Cushman and Ten Dam supports the proof of the upper
Aptian age in this biozone (Fig. 3).
Actually, common lithofacies and biofacies of this biozone
comprise plankton mudstone to wackestone. Well developed
pelagic biofacies of this biozone support the open marine paleo-
environment of the upper Aptian of the investigated area. Based on
Leckie (1990) this faunal assemblage conﬁrms openmarine shallow
water paleoenvironment. Moreover other workers have reported
similar data of paleoenvironmental condition (e.g. Omaña et al.,
2005; Heldt et al., 2009; Lukeneder, 2010).
4.1.2. Biozone II (M. parva, M. texana Assemblage zone)
This biozone is described by the ﬁrst appearance of M. parva
Douglass and M. texana (Roemer). Lithologically it is characterized
mainly by medium- to thick-bedded cream to grey limestone.
Benthic foraminiferal taxa are well distributed in this biozone, and
particularly Orbitolinids. Common foraminiferal association of this
biozone consists of Iraqia sp., M. pervia Douglass, Mesorbitolina
subconcava Leymerie, M. kurdica Henson, M. lotzei (Schroeder),
Mesorbitolina ovalis Gorog and Arnaud-Vanneau, Mesorbitolina
sp., Marsonella sp., Nezzazata sp., Nautiloculina sp., Palorbitolina
lenticularis Blumenbach, Praechrysalidina sp., Praechrysalidina infra-
cretacea Luperto Sinni, Pseudomarsonella sp., Rugoglobigerina cf.
milamensis Smith and Pessagno, Textularia sp., Valdanchella dercourti
Decrouez and Moullade (Fig. 3). There is a clear abundance of Orbi-
tolinids in the M. parva and M. texana Assemblage zone. The
measured thickness of this biozone is about 47 m. Bucur et al. (2008)
have documented M. subconcava Leymerie as an association of the
upper Aptian (Gargacian) in the Vârciorog Formationwhich has been
studied in the northwest of Romania. They emphasized that this
taxon does not extend to the middle Aptian. Iba and Sona (2006)
have recorded M. parva Douglass in the Yezo Group of Hokkaido
(northern Japan). Husinec et al. (2000) have investigated the Pal-
orbitolina lenticularis Blumenbach in the lower Aptian succession of
the islands of Cres and Losinj (NW of Croatia). In addition,
biostratigraphic data of this biozone reﬂects a discrepancy with
other studied stratigraphic successions of the Tethyan Realm. The
occurrence ofM. texana (Roemer) andM. parva Douglass is recorded
as upper Aptian taxa, whereas P. lenticularis Blumenbach has been
recorded as a lower Aptian foraminifer. However, upper Aptian for-
aminifers arewell developed in this biozone. Therefore, upper Aptian
age is acceptable for Biozone II in this stratigraphic column.
Microfacies investigations have conﬁrmed Orbitolinid wacke-
stone and bioclast packstone which are assigned to shallow water
paleoenvironment. Similar data have been reported from Romania
byMarian and Bucur (2012). Simmons et al. (2000) determined that
P. lenticularis Blumenbach is assigned to areas between 10 and 50m
below sea level. Moreover many authors have suggested a rela-
tionship between Orbitolinids and shallow water carbonate plat-
form (Arnaoud-Vanneau, 1980; Arnaoud-Vanneau and Sliter, 1995;
Morycowa and Decrouez, 2006). Based on the identiﬁed foramini-
fers, the paleoenvironment of this biozone is related to shallow
water platform.4.2. Kuh-e Rahmat biostratigraphy
The lower lithostratigraphic limit of the Dariyan Formation is
not exposed in the Kuh-e Rahmat stratigraphic section. The thick-
ness of the Dariyan Formation in this section measures about
100.4 m. Lithologically the Dariyan Formation, from base to top,
comprises cream and grey thick-bedded limestone. As mentioned
before, one biozone is established in the Kuh-e Rahmat strati-
graphic section, which is named the M. texana and M. parva
Assemblage zone. These taxa are well developed along the Dariyan
stratigraphic column of Kuh-e Rahmat. Common foraminifers of
this biozone comprise Conicorbitolina conica d’Archiac, M. subcon-
cava Leymerie,Mesorbitolina ovalis-pervia Cherchi and Schroeder, P.
lenticularis Blumenbach, M. trochus (d’Orbigny), Debarina hahou-
nerensis Fourcade et al., Charentia cuvillieri Neumann, Dictyoconus
arabicus Henson (Fig. 4). Similar to the Nour-Abad stratigraphic
column, P. lenticularis Blumenbach is distinguished as an associated
taxon with M. texana (Roemer) and M. parva Douglass. Husinec
et al. (2009) have recorded M. texana (Roemer) from the late
Aptian succession of the Adriatic Platform (Croatia), whereas they
investigated P. lenticularis Blumenbach as a world-wide species in
the lower Aptian (2001). Other recorded foraminiferal taxa of
this stratigraphic section have long taxon ranges which have pre-
viously been reported by others (Kalantari, 1976; Matsumaru and
Furusawa, 2005). Recognition of the Orbitolinids studied in this
article is different from the mentioned studies. Actually, P. lentic-
ularis Blumenbach is an associated taxon with M. texana (Roemer)
and M. parva Douglass. Therefore, the M. texana (Roemer) and M.
parvaDouglass Assemblage zone can be referred to as upper Aptian.
Similar to the Biozone II of Nour-Abad section, recognized
microfacies of the Kuh-e Rahmat biozone include Orbitolinina
wackestone and packstone which are well developed in the Kuh-e
Rahmat stratigraphic section. Arnaoud (1981) recognized three
environments for three different species of P. lenticularis Blu-
menbach: circumlittoral, infralittoral and marly channels. Accord-
ing to Vilas et al. (1995), Simmons et al. (2000) and Marian and
Bucur (2012), this supports a shallow water paleoenvironment for
the microfacies of Kuh-e Rahmat section and its faunal assemblage.
5. Discussion
Previous biostratigraphic data of the Dariyan Formation con-
ﬁrms Orbitolinid taxa as clearly dominant biofacies which are
recognizable in Dariyan limestone (e.g. James and Wynd, 1965;
Kalantari, 1976). Schroeder et al. (2010) have explained the evolu-
tionary trend of the Orbitolinidae family and the regional strati-
graphic correlation of the Arabian plate. Paleoenvironmental
evidence recommends the Aptian biofacies relationship to a
shallow water carbonate system, particularly in the Zagros area
(Alsharhan and Nairn, 1986). Hence the Orbitolinids bed of the
Aptian is of paleoecological signiﬁcance in the studied stratigraphic
sections. Microscopic investigations reﬂect Orbitolina wackestone
as the major lithofacies, found with Orbitolina grainstone and
packstone as less observable lithofacies. Therefore it is conﬁrmed
that the paleoecological conditions emphasize the shallow water
paleoenvironment in the Kuh-e Rahmat section and the upper
portion of the Nour-Abad section. Moreover, the presence of
Dasycladacea Salpingoporella sp. in the whole thickness of the Kuh-
e Rahmat and the upper part of the Nour-Abad stratigraphic sec-
tions is further proof of the shallow water carbonate system pre-
dominating in the Dariyan Formation. Biostratigraphic data of
Nour-Abad reveals local transgression of the upper Aptian. Recog-
nition of upper Aptian planktons is strong evidence of the
mentioned transgression in the Nour-Abad area during the upper
Aptian period. As mentioned before, the Nour-Abad section is
Plate 3. 1. Neoiraqia sp., Sample No. D42, Nourabad section; 2. Iraqia simplex Henson, Sample No. D45, Nourabad section; 3. Pseudocyclammina rugosa (dOrbigny), Sample No. T8-2,
Kuh-e Rahmat section; 4. D. arabicus Henson, Sample No. T8-1, Kuh-e Rahmat section; 5. Lituonella recheli Marie, Sample No. T5-4, Kuh-e Rahmat section; 6. M. trochus (d’Orbigny),
Sample No. T12-1, Nourabad section; 7. Salpingoporella inopinata n. sp. Gollestaneh, Sample No. T11-6, Kuh-e Rahmat section; 8. Nezzazatinella picardi Henson, Sample No. D51,
Nourabad section.
M. Afghah, A. Shaabanpour Haghighi / Geoscience Frontiers 5 (2014) 277e288 285
Plate 4. 1. Lithocodium sp., Sample No. T11-4, Kuh-e Rahmat section; 2. Salpingoporella pygmaea (Guembel), Sample No. T6-2, Kuh-e Rahmat section; 3. Salpingoporella annulata
Carozzi, Sample No. T11-6, Kuh-e Rahmat section; 4. Salpingoporella sp., Sample No. D48, Nourabad section.
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QatareKazeroon Fault have focused on active tectonic character-
istics, particularly on seismicity (e.g. Pirasteh et al., 2008). Sharﬁ
et al. (2009) have generalized the morphotectonic aspect of the
Sabzpushan and QatareKazeroon faults. There is no study to prove
the tectonic and sedimentation relationship of the QatareKazeroon
Fault. Actually vertical change in variation of lithologic aspect of
Cretaceous outcrops through Cenozoic has not been observed in
the studied area but it is distinguishable in microscopic in-
vestigations. The biostratigraphic data in this paper is the ﬁrst ev-
idence of tectonic control of the biozonation of the Aptian sequence
in the Zagros area. The obvious facies change in the upper portion
of the Nour-Abad section of the Dariyan Formation from pelagic
facies to a shallow water Orbitolinid carbonate system reﬂects a
local regression which can be related to vertical movement in the
QatareKazeroon Fault in this region. Therefore the difference be-
tween the lower biostratigraphic limit and the foraminiferal con-
stituents of both of the studied stratigraphic sections can be
explained by the vertical movement in the mentioned fault. It
should be noted that all stratigraphic ﬁndings assign an Aptian age
for the Dariyan Formation (e.g., James and Wynd, 1965; Kalantari,
1976), but the Nour-Abad stratigraphic column is related to the
upper Aptian by the presence of upper Aptian plankton. There is no
document which explains the pelagic facies of Dariyan or its
chronostratigraphic equivalent in the Middle East. Previous
biostratigraphic studies (Kalantari, 1994, 1976; Schroeder et al.,
2010; Amiri et al., 2011) indicated that the shallow water paleo-
environment spread out in Iran during the Aptian. Hence recogni-
tion of upper Aptian pelagic facies is a mark of local embayment atthis time. The variability of the biofacies’ characteristic values and
paleoenvironment speciﬁcations of both the studied sections are an
indication of the diversity of the geologic conditions during
the deposition of Dariyan limestone in both space and time.
Simmons et al. (2007) have suggested that the last occurrence of
G. ferreolensis Moullade is synchronous with the base of the
Albian, which is contrary to Premoli Silva and Verga (2004). The
biostratigraphic data of Nishi et al. (2003) correlates more closely
with Premoli Silva and Verga (2004). Similar records of the strati-
graphic position of G. ferreolensisMoullade have been documented
by Erba et al. (1995), de Gea et al. (2003) and Friedrich et al. (2003).
The mentioned documents are in conformity with our biostrati-
graphic database and our determination of the lower biostrati-
graphic limit of the Nour-Abad section of the Dariyan (Plates 1e4).
6. Conclusions
All previous studies of the Dariyan Formation have looked into
the biozones with characteristic benthic foraminifers (James and
Wynd, 1965; Kalantari, 1976). The biostratigraphic results ob-
tained in this work support the pelagic faunal assemblage in the
established biozones of the Nour-Abad stratigraphic column for the
ﬁrst time. The difference between the lower biostratigraphic limit
of the Nour-Abad Dariyan stratigraphic section and Kuh-e Rahmat
is attributed to tectonic activity in the QatareKazeroon Fault, which
was activated during the upper Aptian in the Nour-Abad area. The
Kuh-e Rahmat faunal assemblage is very similar to the type section
of the Dariyan Formation. Age determination of both the Kuh-e
Rahmat section and the type section supports the Aptian age,
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determined as upper Aptian. Therefore, it can be accepted that the
biozones of Nour-Abad were fault-controlled during the deposition
of Dariyan in the mentioned area. Biostratigraphic data from other
regions of Tethys have revealed Paleorbitolina lenticularis Blu-
menbach as a taxon of the lower Aptian (Husinec et al., 2000;
Husinec, 2001; Matsumaru and Furusawa, 2005). Also, there are
many documents which conﬁrm M. texana (Roemer) as a late
Aptian taxon. Our work conﬁrms the association of Paleorbitolina
lenticularis Blumenbach with M. texana (Roemer) in both the
studied stratigraphic sections. This is in contrast to other
biostratigraphic data of the Tethyan realm, and is related to the
local paleoecological condition of the upper Aptian succession in
the Fars area.
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